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Abstract
Authors focus on the emotion of which common sense and attempt to compose a method that judge the user’s emotion, based on 
EEGs. Emotion is judged from EEG features by an Association Mechanism. The Association Mechanism consists of the Concept 
Base and the Degree of Association. The methods of a Concept Base and a Degree of Association were proposed in the field of 
the natural language processing. In this paper, the research results are applied to EEGs. As a result, accuracy of emotion 
judgment from EEGs using the Association Mechanism was 57.6%. As a comparison, accuracy of emotion judgment at random 
was 25.0%, and accuracy of emotion judgment using SVM was 43.6%. 
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1. Introduction
Authors are conducting research aiming to develop new interfaces that follow the mechanism of human 
communication, focusing on human common sense. Humans, in such communication, are able to appropriately 
interpret ambiguous information that they receive and carry on a smooth conversation. Common sense is knowledge 
(ability) that only man has. The person can express feeling either sense of incompatibility or unnatural by using 
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common sense. Moreover, the person can appropriately interpret when the sense of incompatibility and unnatural are 
felt.
Especially, authors focus on the emotion of which common sense and attempt to compose a method that judge the 
user’s emotion, based on EEGs.For a robot to converse naturally with a human, it must be able to accurately gauge 
the emotional state of the person. Techniques for estimating emotions of a person from facial expressions, intonation 
and speech content have been proposed. This paper presents a technique for judging the emotion of a person using 
EEGs, differing from the data used to date.
Actually, emotion is judged from EEG features by an Association Mechanism. The Association Mechanism 
consists of the Concept Base and the Degree of Association. The Concept Base generates semantics from a certain 
EEG feature, and the Degree of Association uses the results of the semantics expansion to express the relationship 
between one EEG feature and another as a numeric value. The methods of a Concept Base and a Degree of 
Association were proposed in the field of the natural language processing. In this paper, the research results are 
applied to EEGs. Because the problem concerning the noise is the same as the language and the EEG.
2. Overview of Proposed Technique
Fig.1 Spectrum analysis of the source EEGs
The objective of this technique was to read the emotions of a conversation partner from EEGs. Figure 1 shows 
outline of the proposed technique of emotion judgment from EEGs.
Fig.2 Spectrum analysis of the source EEGs
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EEGs acquired from the subject are used as source EEGs. Emotions of the subject at that time are acquired 
simultaneously. Spectrum analysis of the source EEGs to which emotion flags have been assigned is performed 
HYHU\VDQGWKH((*IHDWXUHVRIșZDYHV+]WR+]ĮZDYHV+]WR+]DQGȕZDYHV+]
to 30.0 Hz) are determined (Fig 2).
Emotion is judged from EEG features by an association mechanism. The EEG features association was realized 
by using the huge Concept Base [1, 2] that was automatically built from EEG features. A method to calculate the 
Degree of Association [3, 4, 5] evaluates the relationship between EEG features. Hereafter, this Concept Base and 
the calculation method are called the "Association Mechanism". Emotions judged in this study were pleasure, anger, 
sadness, and no emotion.
3. Acquision of Source EEGs  and  Emotions
EEGs were measured at 14 locations, at positions conforming to the International 10-20 system (Fig.3) [6]. 
Subjects fitted with an electroencephalography [7] cap were asked to watch a Japanese film for approximately 2 h 
while trying to gauge the emotions of the speakers in the film, and source EEGs were acquired. Images were frozen 
for each of the 315 speakers in the film, and the subject was asked what emotion the speaker was feeling at that time.
Fig.3 14 locations to measure EEG conforming to the International 10-20 system
Eighteen subjects were used, and viewing was divided into four sessions to reduce the physical burden on subjects. 
Before and after the film, EEGs corresponding to open-eye and closed-eye states were measured for approximately 1 
min each, and these data were used when normalizing EEG features.
4. Normalization of EEG Features
EEGs show changes in voltage intensity over time within an individual, and base voltage intensity differs among 
individuals. For this reason, the possibility of misjudgment exists because those values differ greatly even among 
EEGs with similar waveforms. To solve this problem, linear normalization and non-linear normalization were 
performed.
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4.1. Linear Normalization
This was performed to take into account how EEGs vary over time depending on the subject. Since the eyes were 
open while viewing the film, linear normalization was performed based on EEG features from the eyes-open state, 
acquired both before and after the experiment.
EEG feature Linear_alij, obtained by linear normalization of first EEG feature alij at a certain point in time 
during the experiment, is expressed by Formula 4.1:
(4.1)
4.2. Non-linear Normalization
This was performed to take into account the differences in base voltage intensity among individuals.
Non-linear normalized values were determined using Formula 4.2, where f(x) is the EEG feature after non-linear 
normalization has been applied, x is the EEG feature applied in non-linear normalization, xmin is the minimum EEG 
feature of the individual, and xmax is the maximum of the same data. As a result, EEG features with large values are 
compressed and EEG features with small values are expanded. The degree of intensity of voltage of an individual’s 
EEGs can thus be accounted for.
                                        (4.2)
5. AssociationMechanism
The Association Mechanism consists of the Concept Base and the Degree of Association. The Concept Base 
generates semantics from a certain EEG feature, and the Degree of Association uses the results of the semantics 
expansion to express the relationship between one EEG feature and another as a numeric value. The methods of a 
Concept Base and a Degree of Association were proposed in the field of the natural language processing. In this 
study, the research results are applied to EEGs.
5.1. &RQFHSW%DVHRI((*)HDWXUHV
First of all, a Concept Base of words is explained that is in the field of the natural language processing. 
A Concept Base is a large-scale database that is constructed both manually and automatically using words from 
multiple electronic dictionaries as concepts and independent words in the explanations under the entry words as 
concept attributes. In the current research, a Concept Base containing approximately 90,000 concepts was used, in 
which auto-refining processing was carried out after the base had been manually constructed. In this processing, 
attributes considered inappropriate from the standpoint of human sensibility were deleted and necessary attributes 
were added.
In the Concept Base, Concept A is expressed by Attributes ai indicating the features and meaning of the concept 
in relation to a Weight wi denoting how important an Attribute ai is in expressing the meaning of Concept A.
Assuming that the number of attributes of Concept A is N, Concept A is expressed as indicated below. Here, the 
Attributes ai are called Primary Attributes of Concept A.
A = {( a1, w1), (a2, w2), ..., (aN, wN)}          (5.1)
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Because the primary Attributes ai of Concept A are taken as the concepts defined in the Concept Base, attributes 
can be similarly elucidated from ai. The Attributes aij of ai are called the Secondary Attributes of Concept A. Figure 
4 shows the elements of the Concept “train” expanded as far as the Secondary Attributes.
Fig.4 Example demonstrating the Concept “train” expanded as far as Secondary Attributes
In this study, a Concept Base was made by using source EEGs instead of electronic dictionaries. In fact, EEG 
features are used instead of words.
Fig.5 Example of processing for conceptualization of EEG features
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Actually, the voltage value in each location and each bandwidth is considered to be a word respectively. However, 
the granularity of the voltage value is more detailed than that of the word. Then, the voltage value of the certain 
scope is treated as the same as showing in Figure 5. As a result, tKHQXPEHURIZRUGVLVFRQWUROOHG&RQFUHWHO\ș
ZDYHVDQGĮZDYHVDUHGHOLPLWHGE\ȝ9ȕZDYHVLVGHOLPLWHGE\ȝ9$QGDGLIIHUHQWQXPHULFDOYDOXHDW
each delimitation in each part and each bandwidth is allocated, and the allocated numerical value is treated as a word. 
As a result, EEG features can be conceptualized just like a Concept Base of words. In the present research, a 
Concept Base containing 20,252 concepts was used.
5.2. &DOFXODWLQJRI'HJUHHRI$VVRFLDWLRQIRU((*)HDWXUHV
First of all, a Calculating of Degree of Association for words is explained that is in the field of the natural 
language processing.
For Concepts A and B with Primary Attributes ai and bi and Weights ui and vi, if the numbers of attributes are L
and M, respectively (L ӊ M), the concepts can be expressed as follows:
A = {( a1, u1), (a2, u2), ..., (aL, uL)}          (5.2)
B = {( b1, v1), (b2, v2), ..., (bM, vM)}         (5.3)
The Degree of Identity I (A, B) between Concepts A and B is defined as follows (the sum of the weights of the 
various concepts is normalized to 1):
                                                                (5.4)
The Degree of Association is calculated by calculating the Degree of Identity for all of the targeted Primary 
Attribute combinations and then determining the correspondence between Primary Attributes. Specifically, priority 
is given to determining the correspondence between matching Primary Attributes. For Primary Attributes that do not 
match, the correspondence between Primary Attributes is determined so as to maximize the total degree of matching. 
Using the degree of matching, it is possible to give consideration to the Degree of Association even for Primary 
Attributes that do not match perfectly.
When the correspondences are thus determined, the Degree of Association R (A, B) between Concepts A and B is 
as follows:
                                                                                                                                                      (5.5)
In other words, the Degree of Association is proportional to the Degree of Identity of the corresponding Primary 
Attributes, and the average of the weights of those attributes and the weight ratios.
In this study, EEG features of 42 that are three bandwidths obtained from 14 locations are considered to be 
attributes, and the degree of association is calculated.
6. Evaluation Experiment
6.1. Experimental Method
The method of evaluation was a leave-one-out cross-validation, a technique in which one data point from all test 
data was extracted and compared with all the remaining data. In this study, EEG features Knowledge Base 
containing 2887 EEG features obtained by excluding outliers from the total of 5670 EEG features was used. The 
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emotions of the 2887 EEG features used in this study comprised 541 anger features, 726 sadness features, 1226 no-
emotion features, and 394 pleasure features. 
6.2. Evaluation of Accuracy
Figure 6 shows the result of the emotion judgment from EEGs.
Fig.6 Result of the emotion judgment from EEGs
Accuracy of emotion judgment from EEGs using the Association Mechanism was 57.6%. As a comparison, 
accuracy of emotion judgment at random was 25.0%, and accuracy of emotion judgment using support vector 
machine (SVM) [8] was 43.6%. Furthermore, the default parameters of SVM are used because even if it is not best 
solution, better solution is obtained. By the result, we believe that the proposed method is effective.
7. Conclusion
Authors are conducting research aiming to develop new interfaces that follow the mechanism of human 
communication, focusing on human common sense. Especially, authors focus on the emotion of which common 
sense and attempt to compose a method that judge the user’s emotion, based on EEGs. 
EEGs acquired from the subject are used as source EEGs. Spectrum analysis of the source EEGs to which 
emotion flags have been assigned is performed every 1.28 s, and the EEG features are determined. Emotion is 
judged from EEG features by an Association Mechanism. The Association Mechanism consists of the Concept Base 
and the Degree of Association. The Concept Base generates semantics from a certain EEG feature, and the Degree 
of Association uses the results of the semantics expansion to express the relationship between one EEG feature and 
another as a numeric value. The methods of a Concept Base and a Degree of Association were proposed in the field 
of the natural language processing. In this paper, the research results are applied to EEGs.
As a result, accuracy of emotion judgment from EEGs using the Association Mechanism was 57.6%. As a 
comparison, accuracy of emotion judgment at random was 25.0%, and accuracy of emotion judgment using SVM 
was 43.6%. By the result, we believe that the proposed method is effective.
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